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® Flexible base materials for printed circuits. 

5!© Flexible printed circuit base materials of this invention are composed of at least one layer of polyimide 
resins of low thermal expansion, at least one layer of polyimide resins of high thermal expansion with a higher 
linear expansion coefficient than that of the foregoing polyimide resins, and at least one layer of a conductor, 

J£ highly reliable in dimensional stability to temperature changes, adhesive strength, and flatness after the etching, 
easy to work with in protection of the circuits made by etching. 
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Flexible Base Materials for Printed Circuits 



Field of the Invention and Related Art Statement: 

This invention relates to flexible base materials for printed circuits. 

Flexible base materials for printed circuits are usually prepared by bonding a conductor and an organic 

5 polymer insulator with an adhesive. However, the thermal hysteresis caused by contact bonding under heat 
or the like during the bonding operation has presented a number of problems. One of such problems Is that 
the base material curls, twists , or warps while cooling because of the difference in linear expansion 
coefficient between the conductor and the insulator, which hinders the subsequent formation of a conductor 
pattern. Another is that the flame retardancy is lowered by the adhesive present between the conductor and 

io the insulator. Still another is the high cost of flexible base materials Incurred by the use of expensive 
polyimide films and by the time-consuming bonding operation. 

A number of methods for making flexible base materials without the use of adhesives have been 
proposed in the attempts to solve the problems arising from the use of adhesives and they are based on 
the direct coating of a conductor with a solution of an organic polymer as disclosed, for example, by Japan 

15 Kokai Tokkyo Koho No. 56-94,698 (1981). These methods have successfully solved the problem of 
adhesive-related lowering of the flame retardancy, but still left unsolved the problems of the occurrence of 
curls, twists, and warps by the difference In linear expansion coefficient between the conductor and the 
insulator and its interference with the subsequent conductor patterning. 

Japan Kokai Tokkyo Koho No. 56-23,719 (1981) proposes to coat a metal foil with a solution of 

20 polyamrdeimtdes, dry off the solvent, and apply a heat treatment to correct the curling which has occured 
after drying by the difference in linear expansion coefficient. This method, however, is also time-consuming 
and suffers from a low productivity. • • 

Other methods disclosed in Japan Kokai Tokkyo Koho Nos. 60-157,280 (1985) and 60-243,120 (1985) 
propose to coat a conductor with a solution of polyimides or their precursors of a specific structure and low 

25 thermal expansion to make flexible base materials of reduced curling for printed circuits. The methods, 
however, possess the following shortcomings: the resin films to be formed on the conductor do not show 
acceptable properties, particularly in flexibility; flexible printed circuits prepared therefrom undergo a large 
heat shrinkage when immersed in a soldering bath evidencing poor dimensional stability, do not have good 
adhesion between the conductor and the insulator, and curl excessively with the conductor on the concave 

30 side during etching of the conductor for circuit formation hindering the subsequent operations such as 
circuit protection. 

Commercial flexible printed boards of today are available In two types; single-sided boards having the 
conductor on only one side and double-sided boards having the conductors on both sides of the insulator. 
The latter type permits formation of circuits on both sides of the boards and has come into wide use in 
35 recent years for high-density packaging. 

The flexible base materials for the double-sided boards, however, are made by pasting a conductor 
such as a copper foil to both sides of an insulating base film by an adhesive, and this structural 
arrangement has a problem of having normally lower 'flexibility than the flexible base materials for slng/e- 
sided boards. 

40 Another problem Is that the substantial presence of an adhesive layer adversely affects the properties of 
the base materials, in particular the excellent heat resistance and flame retardancy characteristic of the 
polyimide base films. Other adhesive-related problems appear in the fabrication of circuits; they are, more 
specifically, generation of resin smears In drilling of through holes, lowering in adhesion of plated through 
holes, and larger dimensional changes in etching. 

45 On the other hand, integrated circuits or printed circuits of higher density under development are 
accompanied by greater heat generation and sometimes demand the pasting of a good thermal conductor. 

The present inventors studied the aforesaid problems from various angles, found that the use of a 
plurality of polyimides differing from one another in linear expansion coefficient yields good flexible base 
materials for printed circuits, and completed this Invention. 

50 

Object and Summary of the Invention 

An object of this invention Is to provide industrially useful flexible printed circuit base materials which do 
not curl, twist, or warp on application of a thermal hysteresis and show acceptable adhesive strength, 



2 



EP 0 336 337 A2 



70 



75 



flexibility, and dimensional stability. 

Another object of this invention Is to provide polyimide films clad with conductors on both sides useful 
as base materials for double-sided flexible printed circuits, which materials show good dimensional stability 
during formation of circuits and excellent heat resistance and flexibility. 

This invention thus relates to flexible printed circuit base materials which are composed of at least one 
resin layer consisting of polyimides resins of low thermal expansion, at least one resin layer consisting of 
polyimide resins of high thermal expansion with a higher linear thermal expansion coefficient than the 
foregoing polyimide resins, and at (east one layer of a conductor. 

The polyimide resins of low thermal expansion of this invention have a linear expansion coefficient of 
less than 20x10" 6 (1/K) f preferably (0-19)x10"^(1/K). In addition, it Is desirable that the films from the resins 
show good heat resistance and flexibility, The polyimide resins here genericaily mean resins with a cyclic 
imlde structure and include polyimides, polyamideimides, and polyesterlmldes. The linear expansion 
coefficient has been determined on a fully Imidated sample by heating It to 250 *C and then cooling It at a 
rate of lO'C/minute in a thermomechanical analyzer (TMA) and calculating the average linear expansion 
coefficient between 240 * C and 100* C. 

Examples of the aforesaid polyimide resins of low thermal expansion include polyamideimides containig 
a structural unit of the general formula (I), 
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in which An is a divalent aromatic radical of the formula 



H 0 



CRT ) nl (R2)n2 
HO OH 

(R3)n3 (R4)n4 (RS)r>5 




or 
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0 H 



H 0 



Q-c-i-Q-A-c-Q- 

(R6)n6 (R7)n7 (R8)n8 f 



the substituents Ri to Ra are independently of one another lower alkyl groups, lower alkoxy groups, or 
55 halogens, and ni to n$ are integers from 0 to 4 and polyimide resins containing a structural unit of the 
general formula (II), 
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in which Fb to R12 are lower aJkyl groups, lower alkoxy groups, or halogens. The lower aikyt group or the 
lower alkoxy group as represented by Ri to R12 preferably has 1 or 2 carbon atoms. Polyimide resins with 
Ar- equal to 

H 0 



OCH, 



25 



30 



35 



40 



in the structural unit of the general formula (I) are preferable from the viewpoint of low thermal expansion 
and producibility.. 

The polyimide resins of high thermal expansion of this invention have a higher linear expansion 
coefficient than the aforesaid polyimide resins of low thermal expansion, preferably by 5 x 10*" 6 (1/K) or 
more, or more preferably by 10x10* 6 (1/K) or more. The linear expansion coefficient of the polyimide resins 
of high thermal expansion has no other restrictions than being higher than that of the polyimide resins of 
low thermal expansion, but it should preferably be 20x10 -6 (1/K) or more, or more preferably (SO-IOOJxIO"* 
O K). Moreover, it is desirable that the polyimlde resins of high thermal expansion are thermoplastic, 
possess a glass transition temperature of 350 *C or less, and develop sufficient adhesive strength at the 
interface when pressed under heat and pressure. The polyimide resins of high thermal expansion here 
include those which do not necessarily show sufficient fluidity under normal conditions above ,the glass 
transition temperature but can be bonded under pressure. 

Examples of the aforesaid polyimide resins of high thermal expansion include polyimide resins 
containing a structural unit of the general formula (III), 



r co CO co l 

-»( )Qf /- Ar 2— 
CO CO J 



J ( in ) 



45 



in which Ar 2 Is a divalent aromatic radical with 12 or more carbon atoms and polyimide resins containing a 
structural unit of the general formula (IV), 
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J ( IV ) 



in which Ar3 is a divalent aromatic radical with 12 or more carbon atoms. 
The aromatic divalent radical Ar 2 or Ar3 Is exemplified by 
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w 



0 H 0 



is and 



20 



and Ar2 is preferably 

25 



CH 3 
CH 3 



so 2 - 

30 

Trie pofytmlde resins may be modified by diaminosiloxanes of the general formula 

R13 R13 
I I 

H 2 N-R14 — (SI09-5-S ! -R14- NH, 
6 I P I 2 

R13 R13 

40 

or 

R15 

45 | 

H 2 N-R16-0— fSi0f fr -R16-NH 2 
R15 

In which Ru and Ris are divalent organic radicals, R13 and Rig are monovalent organic radicals, and p and 
q are integers greater than 1 . Furthermore, the polyimide resins of low thermal expansion and those of high 
thermal expansion may contain other structural units and their linear expansion coefficient, glass transition 
temperature, and other properties may vary with the proportion of such other structural units. Where 
necessary, the polyimide resins of this invention may be blended wfth other poiyimide resins. 

The precursors for the polyimide resins of low thermal expansion and those of high thermal expansion 
of this invention are obtained by polymerizing diamines and tetracarboxyllc acid anhydrides in suitable 
solvents. The solvents here should be inert to the diamines and the acid anhydrides and capable of 
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dissolving the polyimfdes formed. Examples of such solvents are N,N-dimethylformamide NN- 
d.methylacetam.de. N-methylpyrrolidone, dimethyl sulfoxide, quinoline. isoquinollne. diethylene glycol 
dimethyl ether, and diethylene glycol diethyl ether. The solvents may be used singly or as mixture The 
polyimide precursors in solution after the polymerization may be applied directly to the conductor or they 
may be .solated first as solid and then dissolved in another solvent to a suitable concentration before use 

The precursors, if they show solubility in the solvent after conversion to the corresponding polyimides 
may be converted first Into the polyimides in solution and applied to the conductor. 

The solutions of the polyimide precursors or polyimides to be used in this invention may be mixed with 
a vanety of additives such as known acid anhydride- or amine-based curing agents, siiane coupling agents 
titanate coupling agents, adhesive epoxy resins, and flexibllizer rubbers, and catalysts. 

According to this invention, resins differing in linear expansion coefficient are put together to form a 
composite insulator, with the thickness (t,) of a rayer of the resins of high thermal expansion and the 
thickness tj) of a layer of the resins of low thermal expansion desirably controlled so as to obtain a ratio (b 
t,) of 0.01 to 20.000. preferably 2 to 100. or more preferably 3 to 25. The terms "high" and "low" here are 
used with reference to the simple mean of the linear thermal expansion coefficients of individual component 
layers of the multilayer insulator; a resin layer with a linear expansion coefficient higher than the mean is 
referred to as a resin layer of high thermal expansion and one with a linear expansion coefficient lower than 
the mean as a resin of low thermal expansion. If the thickness ratio (t a ft, ) is too small, the linear expansion 
coefficient of the insulator as a whole becomes to high and different from the linear expansion coefficient of 
he conductor that the base material curls with the insulator on the concave side; this curling makes the 
formation of circuits difficult and produces large dimensional changes when released from the stresses 
during the etching of the conductor. On the other hand, if the ration fe ft, ) is too large. It becomes difficult 
to improve the adhesion to the conductor and to prevent the curling of the film after the etching of the 
conductor In this invention, the total thickness of the insulator, or (t, + fe ). is normally from 5 to 10 urn. 
preferably from 10 to 50um. 

According to this invention, at least one layer of polyimide resins of high thermal expansion and at least 
one layer of polyimide resins of low thermal expansion are arbitrarily arranged to form a composite 

An arrangement of a conductor, a layer of resins of high thermal expansion, and a layer of resins of low 
■ hermal expansion In this order assures good adhesion, dimensional stability at elevated temperatures, and 
lowenng of the linear expansion coefficient of the Insulator as a whole. Another arrangement of a conductor 
tTT "I' 88 '"!, , ° w u tnermaI mansion, and a layer of resins of high thermal expansion in this order 
reduces the curling of the film after the etching of the conductor. Now. a still another arrangement of a 
conductor, a layer of first resina of high thermal expansion, a layer of resins of low thermal expansion, and a 
layer of second resins of high thermal expansion In this order can attain the effects of the former two 
arrangements at the same time. A further arrangement of a conductor, a layer of resins of high thermal 

™!nn M^L*. n 'f r6SinS ° f ' 0W thermai expans,on " and a 'a* 6 ' of sec °" d «*ins of low thermal 
mansion with a higher linear expansion coefficient than that of the first can reduce the curling of the film 
shl further. It possible to build double-sided base materials with conductors on both sides and polyimide 
resins of low thermal expansion and those of high thermal expansion placed Inside In any of the above- 
mentioned arrangements while producing the same effects as above. Variation of the kind and arrangement 
of the resins of low thermal expansion and those of high thermal expansion permits easy control of the 
mechanical properties of the films such as modulus and strength in answer to various needs of clients 

The flex.be printed circuit base materials of this Invention comprise at least a conductor and an 
msulator and the conductor may be any of copper, aluminum, iron, sliver, palladium, nickel, chromium, 
mo ybdenum. tungsten, and their alloys. Copper Is preferable and constitutes at least one layer In case of a 
multilayer conductor. " 

a .. The s "f ace J* * 9 conductors may be chemically or mechanically treated for improvement of the 

Tl 9 ?". . 8X T Ple ' by Sanding ' platin 9 witn nickel or copper-zinc alloys, or coating with 
aluminum alcoholates. aluminum chelates, or siiane coupling agents. 

The flexible printed circuit base materials of this Invention can be prepared as follows 

™* ?°f n « * 0X0 conductor with a solution of the resins can be effected by any of the known methods 

such as knife coating, roll coating, die coating, and curtain coating. It is also possible to effect coating with 

two or more polyimide resins simultaneously with the use of a coater fitted with a multilayer die. 

„„, concentration of the polyimide precursor solution for such coating depends on the degree of 

polymerization of the polymers in question, but it is from 5 to 30% by weight, preferably from 10 to 20% by 

weight. A solution with a concentration of 5% by weight or less does not yield a film of a sufficient thickness 

m one coating operation while a solution with a concentration of 30% by weight or more is too viscous for 
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easy application. 

The solution of polyamic acids applied in a uniform thickness on the conductor is stripped of the 
solvent under heat and then allowed to undergo ring closure to form polylmides, It is desirable here to heat 
the solution gradually from a low temperatur to a high temperature as rapid heating at a high temperature 

5 forms a skin on the surface of the resins which would hinder the evaporation of the solvent or will cause 
foaming. The final temperature for this heat treatment is preferably from 300* C to 400 "C. Above 400 ' C, 
the polyimides start to decompose gradually. At 300* C or below, the polyimides do not orient themselves 
sufficiently on the surface of the conductor and do not yield materials of flat surface. The thickness of the 
polyimide films thus obtained is normally from 10 to 150um. 

w Double-sided flexible base materials are prepared by laminating two aforesaid base materials, resin to 
resin, in a hot press under heat and pressure, or by placing a conductor on the resin side of the aforesaid 
base material and similarly hot-pressing. The hot-pressing can be performed in any of known equipment 
such as hydraulic press, vacuum press, or heat lamlnator preferably at more than the glass trasltion 
temperature of the polyimide resins of high thermal expansion and at a pressure of from 1 to 500 bar 

is depending upon the equipment in use, preferably from 10 to 120 bar. 

Another method applicable to the manufacture of double-sided base materials Is to treat the polyimide 
resins of a single-sided material with corona discharge or plasma for improved adhesion and paste two 
such materials resin to resin. 

The flexible printed circuit base materials of this invention are extremely useful Industrially as they 

20 exhibit high reliability in respect to dimensional stability toward temperature changes, adhesive strength, 
and flatness after etching and are easy to fabricate in protection off the circuits formed by etching, and can 
be formed Into double-sided flexible printed circuit base materials which are heat-resistant, flexible, and 
easy to work with in through-hole fabrication. 

25 

Detailed Description of the Preferred Embodiments 

This invention will be explained with reference to the accompanying examples and comparative 
examples, but not limited thereto. 
30 The linear expansion coefficient was determined on a fully Imldated sample in a thermomechanical 
analyzer (TMA) SS-10 (manufactured by Seiko "Electronic Industrial Corp.) by heating the sample to 250 
"C, then cooling it at a rate of 10* C/minute, and calculating the average linear expansion coefficient 
between 240 " C and 100' C. 

The adhesive strength was determined in a Tensilon tester by fixing the resin side of a 10 mm-wide 
35 copper-clad sample to an aluminum plate by a double-coated adhesive tape and peeling the copper in the 
180 * C direction at a rate of 5 mm/minute. 

The degree of curling of the film after etching was determined by etching off the copper from a copper- 
clad sample (100 mm in width, 100m/n In length) by an aqueous solution of ferric chloride, washing the 
remaining resin lilm with water, drying it at 100 * C for 10 minutes, and measuring the curvature of the curl 
40 generated. 

The strength and modulus of elasticity of the film after the etching were determined in accordance with 

JIS Z-1720 or ASTM D-882-67. 

The following symbols are used In the examples and comparative examples. 

PMDA: Pyromellitic acid dianhydride 
45 BPDA: 3,3',4,4'-Blphenyltetracarboxylic acid dianhydride 

BTDA: 3,3',4,4'-Benzophenonetetracarboxyllc acid dianhydride 

DPS DA: 3,3' a 4,4 -Diphenylsuifoneetracarboxylic acid dianhydride 

DDE: 4,4'-Diaminodiphenyl ether 

DOM: 4,4-Dlamlnodlphenylmethane 
so MABA: g'-Methoxy-^'-diaminobenzanilfde 

PPD: p-Phenyienediamine 

DDS: 3,3'-Diaminodiphenyl sulfone 

BAPP: 2 l 2-Bis[4,(4-aminophenoxy)phenyl]propane 

BAPB: 1 1 3-Bis(3-aminophenoxy)benzene 
ss DM Ac: Dimethylacetamide 

NMP: N-Methyl-2-pyrrolidone 
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Synthesis Example 1 

Into a 500/77/ four-necked flask fitted with a thermometer, a calcium chloride drying tube, a stirring rod 
and a nitrogen Inlet tube were introduced 0.1 mole of DDE and 300 m/of DMAc and stirred in a stream of 
s nitrogen flowing at a rate of 200m f per minute. The resulting solution was held at 10 ' C or below in a water- 
cooled bath and 0.1 mole of BTDA was added slowly. The polymerization reaction occurred with evolution 
of heat to give a viscous solution of polyamic acids (polyimfde precursors). 

The coarse side of a 35 um-thick electrodeposited copper foil (manufactured by Nikko Gould Co Ltd ) 
was coated with the polyamic acid solution by an applicator to a film thickness of about 25um, dried at 130 
w C for 10 minutes and then at 150 C for 10 minutes in hot-air ovens, and then heated to 360 * C in 15 
minutes to effect the imidation reaction. 

The copper-clad polylmide film curled considerably with the resin on the concave side. A film obtained 
by etching the copper with an aqueous solution of ferric chloride showed a linear expansion coefficient of 
55 x 10-6 (1/K). 

15 



Synthesis Examples 2-6 



As in Synthesis Example 1, various diamines and acid anhydrides were polymerized and the solutions 
20 of polyimide precursors of high thermal expansion thus prepared were applied to copper foils and imidated 
to give 25 um-thick films. The linear expansion coefficient was determined as In Synthesis Example 1 and 
the results are shown in Table 1. 



Table 1 

25 



35 



Synthesis 
EXAMPLE No. 


Diamine 
Component 


Acid Anhydride 
Component 


Linear Expansion 
Coefficient X10- 6 (1/K) 


1 


PDE 


BTDA 


55 


2 


BAPP 


BTDA 


73 


3 


DDM 


BTDA 


60 


4 


DOS 


BTDA 


70 


5 


BAPP 


PMDA 


58 


6 


DDE 


BPDA 


45 



40 



Synthesis Example 7 



As in Synthesis Example 1, 0.055 mole of MABA and 0.045 mole of DDE were dissolved in 300/77/ of 
DMAc, 0.10 mole of PMDA was added, and the mixture was allowed to react to give a viscous solution of 
45 polyamic acids. 

A polyimide film obtained from the polyamic acids showed a linear expansion coefficient of 13 x 10^- 
(t/K). 



50 Synthesis Example 8 

As in Synthesis Example 1, 0.090 mole of PPD and 0.010 mole of DDE were dissolved In 300 mi of 
DMAc. 0.1 mole of BPDA was added, and the mixture was allowed to react to give a viscous solution of 
polyamic acids. 

55 A polyimide film obtained from the polyamic acids showed a linear expansion coefficient of 10 x 10-*- 
(t/K). 
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Examples 1-6 

The resin solutions prepared in Synthesis Examples 1-6 were each applied to an electrode posited 
copper foil to a resin thickness of 2 urn and dried at 130 * C for 5 minutes. Each first resin layer was then 
5 coated with the resin solution of Synthesis Example 7 to a resin thickness of 23 urn, dried at 130 " C for 10 
minutes and at 150* C for 10 minutes in hot-air ovens to form a second resin layer, and then heated to 
360* C in 15 minutes to effect the imidation and obtain a copper-clad film with the total resin thickness of 
25 urn. 

The copper-clad films were tested for the adhesive strength, curvature of the curi, heat shrinkage, and 
io thermal expansion coefficient The results are shown in Table 2. 

As Is apparent from Table 2, the copper-clad films of Examples t-6 are nearly flat and show lower 
thermal expansion coefficient, higher adhesive strength, smaller curvature of the curl, and lower heat 
shrinkage than those of Comparative Examples. 

The film of Example 1 showed strength of 25 Kg/ mm 2 and modulus of elasticity of SQOKg/ mm 2 . 

r$ 

Example 7 

Copper-clad films were prepared as in Example 1-6, except that the resin solution of Synthesis 
20 Example 8 was used in place of that of Synthesis example 7, and tested for the adhesive strength, curl of 
the film, heat shrinkage, and thermal expansion coefficient. The results are shown In Table 2. 



Comparative Examples 1 and 2 
25 ~ ~ 

The copper-clad films of Synthesis Examples 7 and 8 were tested for the adhesive strength, curl of the 
film, heat shrinkage, and thermal expansion coefficient. The results are shown in Table 2. 



30 Examples 8-11 

The copper-clad film of Synthesis Example 7 was coated on the resin side with each of the resin 
solutions of Synthesis Examples 1-4 to a resin thickness of 2 u»m, dried at 130* C for 5 minutes, and 
imfdated by heating to 360* C In 15 minutes to give a copper-clad film with the total resin thickness of 27 
35 urn. 

The copper-clad films thus obtained were tested for the adhesive strength, curl of the film, heat 
shrinkage, and thermal expansion coefficient. The results are shown in Table 2. 

As is apparent from Table 2, the curi of the films of Examples 0-1 1 is sharply reduced. 

40 

Examples 12-15 

The copper-clad film of Example 1 was coated on the resin side with each of the resin solutions of 
Synthesis Examples 1-4 to a resin thickness of 2 urn, dried at 130 *C for 5 minutes to form a third resin 
45 layer, and imidated by heating to 360 *C In 15 minutes to form a copper-clad film with the total resin 
thickness of 27 urn. 

The copper-clad film thus obtained was tested for the adhesive strength, curl of the film, heat shrinkage, 
and thermal expansion coefficient. The results are shown in Table 2. 

As is apparent from the results in Table 2, the films of Examples 12-15 show a considerable Increase In 
60 adhesive strength and decrease In curl. 



Example 16 

55 The copper-clad film of Example 7 was coated with the resin solution of Synthesis Example 1 to a resin 
thickness of 2 urn, dried at 130 * C for 5 minutes, and imidated by heating to 360* C in 15 minutes to give 
a copper-clad film with the total resin thickness of 27 am. 

The copper-clad film thus obtained was tested for the adhesive strength, curl of the film, heat shrinkage, 
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and thermal expansion coefficient. The results are shown In Table 2. 



Comparative Examples 3 and 4 

As in Synthesis Example 7 or 8, a copper-clad film containing a single resin layer with a thickness of 27 
urn was prepared and tested for the adhesive strength, curl of the film, heat shrinkage, and thermal 
expansion coefficient The results are shown in Table Z 



Comparative Example 5 

The copper-clad film obtained in Synthesis Example 1 was tested for the adhesive strength, curl of the 
film, heat shrinkage, and thermal expansion coefficient. The results are shown In Table 2. 
The film showed a strength of \BKg/ mr& and modulus of elasticity of 250 Kg/ mm*. 
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Synthesis Example 9 

Into a glass separable flask were Introduced In succession 556g of DMAc, 28.30g (0.110 mole) of 
MABA. and 22.03g (0.110 mole) of DDE with stirring in a stream of nitrogen. The resulting solution was 
cooled to 10 *C. 47.84g (0.219 mol) of PMDA was added In such portions as to keep the temperature at 
30 "C or less, and the mixture was stirred at room temperature for 2 hours after completion of the addition 
to obtain a solution of polyimide precursors which showed an apparent viscosity of about 800 poises at 25 
* C as determined by a Brookfield viscometer. 



Synthesis Example 10 

As in Synthesis Example 9, 20.0Cg (0.185 mole) of PPD as diamine and 54.27g (0.184 mole) of BPDA 
as acid anhydride were polymerized in 420g of NMP as solvent to give a solution of polyimide precursors 
which showed an apparent viscosity of about 850 poises at 25 *C as determined by a Bookfield 
viscometer. 



Synthesis Example 11 

As in Synthesis Example 9, 30.00g (0.103 mole) Of BAPB as diamine and 32.90g {0.102 mole) of BTDA 
as acid anhydride were polymerized in 252g of DMAc as solvent to give a solution of polyimide precursors 
which showed an apparent viscosity of 600 poises at 25 " C as determined by a Brookfield viscometer. 



Synthesis Example 1 2 

As in Synthesis Example 9, 20.00g (0.081 mole) of DDS as diamine and 25.96g (0.081 mole) of BTDA 
as acid anhydride were polymerized in 138g of dlethylene glycol dimethyl ether as solvent to give a 
solution of polyimide precursors which showed an apparent viscosity of 1 00 poises at 25 ' C as determined 
by a Brookfield viscometer. 



Synthesis Example 13 

As in Synthesis Example 9, 25.00g (0.081 mole) of BAPP as diamine and 19.62g (0.061 mole) of BTDA 
as acid anhydride were polymerized in 178g of DMAc to give a solution of polyimide precursors which 
showed an apparent viscosity of 250 poises at 25 * C as determined by a Brookfield viscometer. 



Synthesis Example 14 

As in Synthesis Example 9, 20.00g (0.081 mole) of DDS as diamine and 28.86g (0.081 mole) of DPSDA 
as acid anhydride were polymerized in 147g of diethylene glycol dimethyl ether to give a solution of 
polyimide precursors which showed an apparent viscosity of 120 poises at 25 *C as determined by a 
Brookfield viscometer. 



Example 17 

The solution of the polyimide precursors of low thermal expansion prepared in Synthesis Example 9 
was applied uniformly to the coarse side of a 35um-thick eiectrodeposited copper foil (manufactured by 
Nikko Gould Co., Ltd.) mounted on a 200 mm-square SUS frame by an applicator to a thickness of 240um 
and heated in a hot-air oven at 130 " C for 10 minutes to get rid of the solvent DMAc. Then, the solution of 
the polyimide precursors of hfgh thermal expansion prepared In Synthetic Example 12 was applied over the 
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dried resin layer by bar coater No. 9 to a thickness of 30 urn, heated at 130" C for 10 minutes and then at 
160 C for 10 minutes in hot-air ovens, and heated up continuously to 360 *C in 15 minutes to obtain a 
single-sided fiim of good flatness free of warps and curls with a resin thickness of 25 urn. 

This single-sided film showed a 180 'c peel strength (JIS C-6481) of 0.9 Kg/ cm between the copper 
foil and the polyimide layer and the fiim with the copper foil etched off showed a linear expansion 
coefficient of 12 x 10~ 6 <1/K). 



Two such single-sided films were placed one upon another with the resin sides in contact and held In a 
hydraulic press at 50 Kg/ c* and 340 *C for 10 minutes to obtain a double-sided film of the total thickness 
of 120lJLm. 

The peel strength along the heat-bonded interface was \2Kg/ cm and this dropped slightly to 1 \Kg/ 
cm when the double-sided film was heated at 200 * C for 180 hours in a hot-air oven. 



Example 18 

Single-sided and double-sided films were prepared as in Synthesis Example 11 using the resin solution 
of Synthesis Example 10 as a solution of polyimide precursors of low thermal expansion and the resin 
solution of Synthesis Example 1 1 as a solution of polyimide precursors of high thermal expansion. 

The peel strength of the single-sided film was 0.7Kg/ cm and the polyimide film obtained therefrom 
showed a linear thermal expansion coefficient of 9x10^ (1/K). The peel strength along the heat-bonded 
interface of the double-sided fiim was 1.5rTg/ cm and dropped slightly to \ZKg/ cm when heated at 200 
C for 180 hours. 



Example 19 

The solution of the polyimide precursors of high thermal expansion prepared in Synthesis Example 13 
was applied to: the coarse surface of a 35 urn-thick electrodeposited copper foil (manufactured by Nikko 
Gould Co., Ltd.) mounted on a 200 mm-square SUS frame by bar coater No. 9 to a thickness of 30 am and 
stripped of the solvent by heating at 130 "C for 2 minutes in a hot-air oven. The solution of the polyimide 
precursors of low thermal expansion prepared in Synthesis Example 9 and then the solution of the 
polyimide precursors of high thermal expansion prepared In Synthesis Example 12 were applied on the first 
resin layer and heat-treated as in Example 17 to give a single-sided film of a flat surface free of warps and 
curls and containing three layers of polyimides. The single-sided film showed a peel strength of 1.8 Kg/ cm 
and the polyimide film after the etching showed a linear expansion coefficient of of 10xi0~e(i/K). 

Two such single-sided films were heat-bonded as in Example 17 into a double-sided film. The peel 
strength along the heat-bonded interface was 1.2 Kg/ cm and dropped slightly to 1.1 Kg/ cm when heated 
at 200 C for 180 hours. 



Example 20 



Single-sided and double-sided films were prepared as in Synthesis Example 17 using the resin solution 
of Synthesis Example 9 as a solution of polyimide precursors of low thermal expansion and the resin 
solution of Example 14 as a solution of high thermal expansion. 

The peel strength of the single-sided film was OJKg/ cm and the polyimide film after the etching 
showed a linear expansion coefficient of 11 xKT^I/K). The peel strength along the heat-bonded interface 
of the double-sided film was 1 .4 Kg/ cm and remained at 1 AKg/ cm when heated at 200 ' C for 1 80 hours 



Example 21 



The single-sided film of Example 17 and a 35um-thick electrodeposited copper foil were put together 
with the polyimide side in contact with the coarse side of the copper foil, and held in a hydraulic press at 50 
Kg/ C m gauge and 330 C for 10 minutes to obtain a double-sided film with the total thickness of 95 urn 
The peel strength along the heat-bonded interface was 1.0 Kg/ cm and remained uncharged at 1.0/Cc/ cm 
when heated at 200 C for 1 80 hours in an hot-air oven. 
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Comparative Example 6 

A single-sided film was prepared as in Example 17 using a 15% by weight DMAc solution of the 
reaction product of DDE with PMDA as the polyimide precursors of low thermaJ expansion. The copper-dad 
film curled conspicuously and was not suited for hot-pressing into a double-sided film. The polyimide film 
after the etching showed a linear expansion coefficient of 46 x 1(r 6 (1/K). 

Claims 

1. Flexible printed circuit base materials comprising at least one layer of a polyimide resin having low 
thermal expansion, at least one layer of a polyimide resin having high thermal expansion and a higher linear 
expansion coefficient than the said polyimide resin with a low thermal expansion, and at least one layer of a 
conductor. 

2. Flexible printed circuit base materials according to claim 1 wherein the polyimide resin having low 
thermaJ expansion contains structural units of the general formula 



20 



25 




N- Ar r 



in which An is a divalent aromatic group of the general formula 



( I ). 
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H 0 

I 



(R1)n1 (R2)n2 



H 0 
I 8 



0 H 

3 I 



(R3)n3 (R4)iu (RS)ns 
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SO 



OP 



0 H 
I 



-Q-S-A-Q-U 

(R8)n6 (R7)n7 (R8)n8 




Ri to R 8 are independently selected from lower alky! groups, lower alkoxy groups, or halogens, and n, to 
5 5 n B are integers of 0 to 4. 

3. Rexibie printed circuit base materials according to claim 1 or 2 wherein the polyimide resin having 
low thermal expansion contains structural units of the general formula (II), 
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R10 _ 




( n ) 



in which R 9 to Ri2are hydrogen, lower alkyl groups, .lower alkoxy groups, or halogens. 
io 4. Flexible printed circuit base materials according to any of the claims 1 to 3 wherein the thermal 
expansion coefficient of the polyimide resins of low thermal expansion is 20 x ICP^I/K) or less. 

5. Flexible printed circuit base materials acording to any of the claims 1 to 4 wherein the polyimide 
resins having high thermal expansion contain structural units of the general formula (III), 



75 



20 



r C0 CO CO v 

--< p o( ) 

CO CO 



Ar. 



.( in ) , 



25 



30 



in which Ar 2 is a divalent organic radical with 12 or more carbon atoms. 

6. Flexible printed circuit base materials according to claim 5 wherein Ar 2 is 



so. 



7. Flexible printed circuit base materials according to any of the claims 1 to 4 wherein the polyimide 
resins of high thermal expansion contain structural units of the general formula (IV). 



35 



40 



r CO so 2 CO 

-< # x% >- 

L CO CO 



Ar. 



( IV- >, 



in which Ar 3 is a divalent aromatic radical with 12 or more carbon atoms. 

8. Flexible printed circuit base materials according to any of the claims 1 to 7 wherein conductors are 
on both sides and at least one layer of said conductors is a copper foil, 
46 9. Flexible printed circuit base materials according to any of the claims 1 to 8 wherein the layer 
adjacent to the conductor is a polyimide resin having high thermal expansion. 
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